Cycloheximide (up to 0.4 g/liter) was significantly more inhibitory to the growth of three isolates of Aspergillus fumigatus at 23 C than at 37 or 45 C. Preincubation of the media for 7 days at 45 C did not alter the inhibitory effect of the cycloheximide at 23 C. Neither mutation nor adaptation in the fungus seems to be the reason for its growth on the antibiotic at the higher temperature. The mechanism for the differences in sensitivity as related to temperature of incubation cannot be explained at this time.
The recovery of Aspergillus species in cultures of material from human lesions is not always easily obtained. Young et al. (7) , studied 98 cancer patients infected by this fungus and found that Aspergillus spp. was recovered in cultures from only 34% of the patients, and only 9% yielded more than one positive culture. The problem of isolation exists even when Aspergillus hyphae have been seen antemortem by direct examination of material from the infected area. In direct preparations of infected material removed from two cases of sinus aspergilloma, we saw masses of typical Aspergillus hyphae, conidial heads, and conidia; yet cultures on various media were repeatedly negative for Aspergillus.
Selective isolation media with antibiotics against bacterial and fungal contaminants are used frequently in the isolation of pathogenic fungi. Inclusion of cycloheximide in some isolation media is clearly desirable with clinical specimens taken from "nonsterile" environments of the body, because these are frequently contaminated with spores of saprophytic fungi. Cycloheximide inhibits most of these saprophytes, but not most pathogenic fungi, at either room or incubation temperatures (1, 2, 6 ). An exception exists with the dimorphic pathogenic fungi. Cycloheximide inhibits their yeast form at 37 C, but not their mycelial form at room temperature (4, 5) .
Cycloheximide is not employed normally for the isolation of Aspergillus species-including A. fumigatus-because they are known to be partially sensitive (2, 3) to this antibiotic. 388 Because we had found one isolate of A. fumigatus able to grow at 37 C on a cycloheximide-containing medium, we decided to investigate further the sensitivity of this fungus to cyloheximide at different temperatures.
MATERIALS AND METHODS
The three isolates of A. fumigatus used in this study were obtained from clinical specimens no. T-391 and 1299.46 from granulomatous tissue of the head, and 1299.53 was a laboratory contaminant.
Both solid and liquid media were employed. The solid media, prepared from dehydrated commercial products, were designated as follows. (i) S medium was Sabouraud agar without antibiotics, a modification of the Baltimore Biological Laboratories' (BBL) trade-named Mycophil, and contained per liter 10 g of glucose, 10 g of Phytone (soybean plant-peptone), and 16 g of agar.
(ii) SC medium was Sabouraud agar plus cycloheximide (Actidione, Upjohn); either 0.05, 0.1, or 0.4 g of cycloheximide per liter was added to S medium before autoclaving. (iii) SCC medium was Sabouraud agar plus cycloheximide (0.4 g/liter) and chloromycetin (0.05 g/liter), i.e., BBL Mycosel. Liquid media were prepared by using per liter 10 g of glucose, 10 g of Phytone (BBL soybean plant-peptone) and, where indicated, 0.05 g of chloramphenicol (Chloromycetin, Parke, Davis & Co.). Fifty milliliters of the liquid media were dispensed in 250-ml Erlenmeyer flasks before autoclaving. All media were autoclaved at 12 lb/in2 for 15 min to avoid degradation of the antibiotics.
Spore suspensions used for inocula in certain experiments were prepared from slant cultures on S media (not containing antibiotics) grown at 23 C for less than 1 week. Harvesting of the spores was facilitated by using a surfactant (Gardinol, Proctor & Gamble) in A. FUMIGATUS GROWTH ON CYCLOHEXIMIDE 389 spores were counted in a hemacytometer, and the suspension was diluted with water to the desired concentration. These were pipetted in 1-ml amounts per 250-ml flask or in 2-ml amounts onto the media surface in large petri dishes. Individual experiments were conducted in duplicate and repeated at least once.
The three isolates of A. fumigatus were grown at three different temperatures (23, 37, and 45 C) on the solid media. The diameter (in centimeters) of the colonies was measured at 3-day intervals as an index of the rate of growth. Growth from stationary culture on liquid media was collected in a Buchner funnel with reduced vacuum, dried at 95 C in an oven for 24 h, and weighed. To determine whether the growth that had occurred at 45 C in the presence of the cycloheximide was due to heat inactivation of the antibiotic, media were preincubated at 45 C for 7 days before inoculation.
The effect of cycloheximide on conidial germination was determined by adding 3 ml of the appropriate spore suspensions on the surface of agar plates 14 cm in diameter and containing 100 ml of S, SCC, or SC medium; all plates were incubated at 23 C. To determine whether colonies which grew represented the selection of spores resistant to cycloheximide, five colonies were picked from both the SCC and the SC medium onto slants of S medium and maintained at 23 C. Two of the isolates picked from the SC medium, two isolates picked from the SCC medium, and two maintained only on the S medium were subcultured from S slants onto the three agar media and incubated at 23, 37, and 45 C.
For another experiment a single colony of strain 1299.53 picked from an SCC plate grown at 23 C was subcultured repeatedly on both SCC and S media. The subcultures were then retested on agar media with and without cycloheximide at 23 C.
RESULTS
Because the growth patterns for the three isolates of A. fumigatus were the same, results are tabulated only for isolate 1299.53 (Table 1) . Good growth occurred on the media without cycloheximide at all temperatures and on the two media containing cycloheximide at 37 and 45 C. Growth at 23 C in the absence of the antibiotic was slower than at higher temperatures.
The results on liquid media parallel those on solid media. Weight values are shown in Table  2 . Good growth occurred on the medium without cycloheximide at all temperatures and on both media containing cycloheximide at 37 and 45 C.
When media with cycloheximide were preincubated at 45 C for 7 days and then inoculated with the fungus, the inhibitory activity of cycloheximide was still evident at 23 C ( Table 3) .
The results with various concentrations of cycloheximide in the SC media are shown in plates with or without cycloheximide was the same as previously shown in Table 1 for the original culture (Table 6) . No change in growth rate was observed (Table 7) when the colony of 1299.53 grown at 23 C from the spore suspension on an SCC plate and maintained on both SCC medium and S ANTIMICROB. AG. CHEMOTHER. medium was reinoculated on agar with and without cycloheximide at 23 C.
DISCUSSION
All three isolates of A. fumigatus grew similarly at the three temperatures in the presence of 0.4 g of cycloheximide per liter, which is the concentration used in commercial media.
Growth was inhibited significantly by the cycloheximide when incubation was at 23 C, less so at 45 C, and only slightly at 37 C. No significant differences were found in the growth of three isolates on the media containing cy- Salkin and Hurd (6) for other pathogenic fungi grown in the presence of cycloheximide (0.5 g/liter at 27 C). They attributed the growth to induced resistance of their fungal isolates. With A. fumigatus, serial transfers through several subcultures on media containing cycloheximide did not yield a culture which would grow better on cycloheximide media at 23 C. Also, the growth in the presence of cycloheximide could not be explained by mutation, because colonies from single spores which germinated in the presence of cycloheximide at 23 C did not show an increase in growth rate at this temperature. Whether a difference exists in spore germination versus hyphal growth is not known. The mechanism that permits A. fumigatus to tolerate cycloheximide better at 37 C than at room temperature cannot be explained at this time; however, the effect appeared to be on the organism, because media containing cycloheximide preincubated at elevated temperature still inhibited the isolates of Aspergillus at 23 C, as did fresh medium. From these results, it seems that media containing cycloheximide could only be useful in the recovery of A. fumigatus at 37 C, but not at 23 C. This may be important when culturing "contaminated" specimens, especially sputa. In all cases a medium without cycloheximide should also be used. A comparative study of the efficiency of media with and without cycloheximide for the recovery of A. fumigatus from clinical specimens should be encouraged. It is possible that media containing cycloheximide may increase the recovery of A. fumigatus from clinical specimens when incubated at 37 C. It is interesting that the ability of A. fumigatus to tolerate cycloheximide at 37 C but not at room temperature is directly opposite to observations with the dimorphic pathogenic fungi.
